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The tttmct of b«ndinp tank walla un the fluid of o partlslly filled 

cylindrle*! tank 1« cwwldered with danrta*.    The foUovmr inwatlration 

anpliea the theory of Reference 3 with Incorrorated da-fin/' faotore ;■. 

Physlctl reasons lead to the transformation of tht- Ineoretlcal rilltlM 

The pressure diatributlon,   fluid force, and fluid «ml di»? to benrting 

tank walla uer« detenrl;.«>d and graphed.    For low and wry hlch frequcneles, 

the darpinf 1« of riinor liBportanct.    Hear the reaonancee,  tl-e   ianmlnj; it 

of strcnf influence. 

Th* obtained rr suits will be Incnrporst^d intc tl.c twiAi^ flutter 

analyala. 

So  Car,  In  the ber^inr  fluttrr analysis,   !)!■   nnss of  *1^ pi-c^llarle 

has Uien ass'jmed aa nasa-polnta dlstriVuVd lleng UM "iBaJlr -ixis, 

HoijrvEr, the energy diaaipat«d ir. the cacill.it,int: lliuil nay caus"  u 

-orsiderable increase in ti" fil'cclLvf otructural -J.-.r ;-Ji:    c' thi   rdssile» 

thua pMVittlDiB E^ater frecrJoir in the  l:.,---out of tj-.^  •l*ctrt>ial contrr-1 

ajstcm.    At low frriu^rifloa ("first tloshinf rode"),  «.■■ 'fn'lnr   of thr 

mlaalle may clmni.e  the charncUr of ttir  oacillatlon av'flcuntly to iv-ke 

thp incor^oraUon of tKc miaalln bfn'llnr in thr  invattiiaUon of tint«1 

frequer.cie« wry deairatle. 
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en.   nnaoDucTiJBi 

The «xact solution of flulc 

twniUng will» was aölved ID 

and Qou-vlscoua).       IS» •olutloc 

entlal equation for spaclal 

baa  Hlugularitlea at  tiie naturaJ 

.of Interest very close to each 

be applied arouud these •Ineulwltles 

by Introducing daapl 

gol.utloQ of   the Ideal  fluid caw 

olderatloeo for  Infinite iainplnf 

foraulae of Reference J • 

rv.   gMBW DismiBimoM, 

Motions In a cylindrical  tanJi due to 

•ence } for Ideal fluid  (Incoaprcsalble 

was found by solving  the  R)l a son-Differ- 

in-y condltlaos.      TIM: result,  bowever, 

frequeoctes which are for the frequency 

other.      Iberefore,  the  solution cannot 

An appraxlBktion Is obtained 

the resonance for« of tbe theoretical 

as üaoe in Deference Z.      Riyslcal con- 

lead to  traosfomatlon of  the  original 

runtp KiRCE AMD FLUID 

To Introduce  the doaplng 

we have  to consider some  jii/elcal 

foraation of the forwulae.  For 

ue the foraulae fron Beferenet 

has to  tend to certain values gj 

^Ince In the flutter analyi 1 

iiatrlbutlon,   fluid force end 

will  only be derived from H.-rert 

pressure distribution is: 

Pwall "  Sc      '-°s0    a''*, ■ 

or in the different valued of Reference 1, 

reaeons which will lead us to the trnnn- 

daaplng,   the transforaed foraulae haa to 

while  for  Infinite  damping,   the  foroulao 

ven below. 

10 are only Interested In the pressure 

Booent,   the values for  these expressions 

3C>4la).       It la  seen  that  ttao  wall 

^a 

(e^L-'^)]!,^}-^^1 



UM rLuld force Cl) fluid force («») 6 r^ r «    , "."t        -kii/l-P*"   1 + 

and «i« iKwcnt «farwd u, tu uuiiat.j-^i w.iuoo or th. co» or p«»ity 

where 

["f   - JV'^S'-"1^8'*"^]^ l5':> 

w»U longth ■** !■ (laertl« force) ^t 



the total f^rcc is then 

TMB !■ Uw first t«n In fommla (2).      lb« fare« finally can bo 

vrltteu a*: 

.^ „-o +^i|^i    ([i,r-[ij;)]i,w| 

■nie  proB»uro  J.'«trltjutloii is: 

Tue ao—nt of tho fluid with infinite damping    c - >3 

conpose* of two  part»: 

(u)    MBMat du* to Inertia 

(b)    Boamt due to rotation. 

Tte KMeai arouid tbe unaiatw   ed center of gravity of a disc (See 

Fig.  1), due to Inertia 111 

whleti 13 integrated 



_je (I in »M«tit of Inertlji) 

Tl« Miel« "f rotation of tl» MK 

e • ä.t'"'- «.V»)«'"' 
n». ti. .i.e. i. ow-" "" ""• <*• —« cV l~rtl"or " 1" 

with cta .. tl« MM »r the  alleoi 

dm -   nafyaLt 

„d lht.er.t-d, «M »fl «-.ot M IC rof.loh or th, dt., U> 

Th. »n.h-  W.-T««  .■     ^dl.t^b.1 «nur of p.«., for Ihflolf 

M,„■u,v8-Vi/■(^^)'<■'^"'"Ä'f',-'■w-'•'°,:,) 
möifrnt dut   to mpment  due to 

Inrrtla rotation 

The  first t«o teir» •WMf In forwula   UJ.    "« ■> 

arcund  tht  uiidlBturV«d poBltlon  IB  then: ^ 

.«.l ■'^J7Ä^)-(tr<-(U- 

■ 



T*- J i        nod bk    -  vtUueB art takao tor o. notloo of  Ute   taak bottom 

parallel  to  Uw x-dlrectlois and ar«  (Coamm Ida,  b)  In Rafennee 3): 

•h -   ST-^-T-; --fw'cj'.'-'"-»-.''-^*^]- (u.) 

-^W-S itVtfH "t'-ttl^l + 

»„ - —I T-t sd >f.'(>iij 

V.    AFFLICATIOB: 

Ue chocse now a tank vltli Uic lenelii H and a mliiu:   B 

filled to the heigbt    h    vlth fluid  (aa In Refcreacc 3).      The tank 

bottom and tank top are fixed and are not movlag,  while  the  tank wall 

osclUatea la a parabolic abape. 

'Hi* equation ^(C) of tJie bending tank wall  in: 
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nie «all sammmac* finally la; 
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Th^  ..Mt =«luUor.  Tor  flil"  KlUon 1«  • «iUMMi   "<■'  * 

bo^lr,,   tori. »11. 1. *rt»J '-" ••«►»».  3- t» " "»»  f1""' 

iinro-i-cBi'^ ii"' ronviocous).    Ih. MWlM **    ;'    »til»! fwqWM    ■ 

„I tlr   UHU in to   t.mV are iTOU^r Ul camot lo  Md.    TMntf, 

an a-,md«Mo„ «... «**«* ^y l«»i*»*«f « l<«*W   ^^   «"" ^ 

U. »«,,»». «MM " l»rf«~1 l» ».«•«««" 2-   ■■'"" "" tr"1,n' "' " 

BdWU.  orc^-rs at t.iiher rrequ«rcioF thm PUit   -i-'i Mnt« L I     ' 

and .Incc  »1» ndni tmOlm ürrlU"* »-a of tho  flr.l rwk »V I» »t 

th* orJ'r df a »rail tranolaticn.1 unrlltuJe,  tie valu^-n o    .,tne'. 

nnM .«UUUB» ^ to i" ■■'■- "n1, v"nc '•■'" '* °r '"■ '''»■'■"'■* 
of t»«.   for rttU «nt »11..    It  la ^.rTcn-  l-re.-i.l,.  t.   »OWt 

♦ heir Ir  all taBta. 

It  en tr  M.n  for t» pWlOT.  '■ r:ula,   ttat  «I.   : n'l.-v,   rf  U» 

„xi™., l.ndlw dl^Uo-m-nt X,a «r Ua Unf wll   la HUM». 

'nie atsolute rrea^ir« 

|X.a^>e ^V». K Maid tairilt h-2  and h-J.  Tor  di Tfrrnnt 
1. |Ta:t,ed In Fij . 2, 3, and L for --   fluid M2 ft 

for^^H  -,-:,u-ncle. ^   and damrlur f.ntnn. ( .    For wry mil 

the danrlnr U onl; cf «r   •»» mflaonoe.    b» M»  Wwr n. 1 

and at tl.c rr«.nances, of rour.*, the (tepplBf If very ; T-Ttnnt 

quite different rentlts.    For very ilk  C.-iuencle.  (for [0»ip 

,.„d no r..»«..««) «» fia-r'"'- " "' '"" •te"rt '°' "" 1'r'i°l 

*lc!,  1. of Urt.««   for U>   M«lly nae- vror-Uan^.     The  re. 

r.^les. 

irregularity if. very    hi 

a verv -arrevf interval i 

-  InniH 
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For Incre.-'llrp acosln-uUcm, the   flji^  r^rcp Mirt thr   wMWt l-s 

dieVMrtM »■ c»n b« »wn from  tha rr^vious fvrTOOM*    The UquM hrtgbt 

is Qf  coMlderab)«  influene*  on the   fluid   Tor«  Wld nomrnt  ,ir  tfiowi  In 

Hi » S «« <•    ^r «MiU forc«d frequenrleo,  thn dar.pinp pl^.-B a nitwr 

part.    Near reBonanc«, of «HIT«, the riarnrln,- eoefficiert g !■ o*- etrorz 

Influpne*- on ♦!«  n-ild forces ard Fnownta.    For forced freq-j-ncle» 

«nailer than the   flrat resonance, tut cloee.  W It, the  fl- id force 

-i creases at a cerUln fl-iH helrht.    ?or email dat^rlnp,  the deoreBi» la 

atron.-er.    "'or a cm-tain fluid twlrht ne.-.r lb* rftxlimiBi bendlnp displace- 

r«nt,  tho   'luld force T*r*- ^u« *« sl^ohiit: 1" *WWt| vl-.ile   tcr iii£her 

liquid hairhte, thia  force la E-raller due to  smaller unll dlarUfwntrt.B. 

The additlonel force due to VnerUa of Uw a'dltlonal fluid rnrt le not 

prest encu,!. to ovorcore Uie difference i t tl»  Bloshlnr forcec for the 

tHD  diTerent helchtB.     Kor hirher- damping,  the  sleth  force   difforerce 

Is f.'nt.llpr n«! lr. overcone by the  iner'ia fcrcea, which meana that there 

la no drcreaae In fluid force ulth increaainr  fluid leljht.    For a 

forced frequencv vhlch is ali.htly hirh-r than the first rcamance, the 

fluid force haa,   for arall divine, « r^flldpralle decreaae with tttorM»' 

tag flul'i hei ht ar.d lncrf;aaea f.ain.    Hlpher dawpinp *owa fne  same 

effect up to tt» intrrafrtion point of all curvea as nentlonad for hliher 

damplnr  below  UM   "irat resor^ncp.     Behind  the   intcracctlon point.   Um 

fluid force will be  pre;'*'*»-  fw hlfher danplnf.    for very hifh forced 

CMqutaaitB,  the damplnp In the rangt of tnt^rect is of minor Irportancr, 

and the  force la Increaalnf" with    increaelnc  flui'1 heifht. 

The   auid  moment around  the center of gravity nf Ihr  undis^urted 

fluid  due  to ben'iinr  Unk wall^  1«  decreaslrß  for increnslng  fluid hfi.-ht 

from a certain flald hel.ht "n far  U.? aiar.e roason as i—ntione-' before 

for  the   fluid  force.     For low  frrced   frequencic- ,   the     -imnlnc is of leaa 

imporiancp, while OWW r"a<-nanceB,   It ]B of Strom inflWMi«.    ^or   vry 

hi,h   rnrcf     ft«gwn«L*0|   the   dampiHi  1B of minor  Influencp. 
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FIC2Wj'H.ASE_.ÄNGL:t.   OF   PRESSURE  DISTRIBUTION   Out   TO   tltNDlNO , tANK   WALLS . 
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FIG.3(b)   PH&5E ANGLE OF PRESSURE  DISTRIBUTION DUE  TO  BINDING  Of TANK WALLS 
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